Abstract. In this paper, a Space Keying Shift(SSK) system based on a Single Photon Avalanche Diode (SPAD) receiver is presented. SSK modulation has the advantage of faster transmission rate than OOK modulation, and the implementation complexity is not high, it will become a widely used modulation method in single photon detection. In this paper, the SSK system based on the low light environment of the darkroom is proposed, and the BER performance of the SSK modulation system is analyzed. The simulation results are in accordance with the theoretical derivation.
System Model. As shown in Figure 1 , the communication system is a 5 × 5 × 3 darkroom, LED light source is located on the ceiling of 3 meters high, the light level is 0.85 meters high desktop, the distance between the two lights 0.4m, 0.1m between the two SPAD. SPAD visible light communication using photon counting method to record signals, signal time slot in the optical power of the decision to record the number of photons, so the receiving end of the decision is based on the number of received photons. However, the randomness of the photon counting process will affect the accuracy of the decision, often this randomness as an additive noise, mathematical theory shows that the photon counting process obeys the Poisson distribution, so the final signal received by the SPAD Which is quite different from the Gaussian noise considered in the traditional PD detection method. SSK modulation as the most basic spatial modulation method, each time there is only one transmitter unit to work, other transmit antennas are idle. At the receiving end, SSK modulation detection equipment needs to first determine the transmission antenna used in the transmission of the index number, through the constellation to find the corresponding information bits, and then decoding operation to get the original send information. The SPAD-based SSK modem receiver is determined by the number of photons sent to the sender of the information, so we calculate the number of photons by the following formula:
Where PDE C is the value of the photon detection efficiency; A is the area of the SPAD receiver; and ij d is the distance between the different lamps to the different receivers; p E is the energy of a photon; Because of different transmitter and receiver position and lead to their different distances between the distance d and the radiation angle φ at the transmitter is different, so different receivers to receive two LED photon number will be different. Fig. 2 SSK modulation system theory diagram based on single photon detection As shown in the figure, the input bit is a sequence of q(k)={0101…}. After mapping, 0 and 1 correspond to 01 and 10 matrix respectively. The matrix is the matrix of received photon number, then the photon number matrix is transformed into the output bits by the maximum likelihood detection to recover the information of the transmitting end. Under the condition that the above parameters are fixed, the BER performance of SSK modulation system with different transmission rate and half angle is simulated and compared, and the parameter values are optimized by changing the parameters. Figure 3 shows the LED optical power half-angle of 10 °, SPAD receiver bit error rate performance, the transmission rate is set to 1kbits / s, 2kbits / s and 5kbits / s, can be seen with the transmission rate increases , The error performance is degraded. Figure 4 shows the fixed transmission rate of 1kbits / s, LED lights at different optical power half-angle of the whole system under the BER performance, we can see that with the increase of optical power half-angle, BER performance is reduced.
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Summary
In this paper, a single-photon avalanche diode SPAD for a visible-light system based on single-photon detection technology and a receiver is described. The principle model of SSK modulation based on single photon detection is described and simulated in darkroom environment. The simulation results are in good agreement with the theoretical results, and the feasibility of SSK modulation based on single photon detection is verified.
